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Disclaimer

The contents of this report reflect the views of the author or authors who are responsible
for the facts and the accuracy of the data presented herein. The contents do not reflect
the official views of the North Dakota Department of Transportation or the Federal

Highway Administration. This report does not constitute a standard, specification, or
regulation.
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EVALUATION OF FABRIC REINFORCED BACKFILL
UNDER APPROACH SLABS

Background

A bump often develops at the ends of a bridge near the interface of the abutment
and the embankment or if an approach slab is used, between the end of the approach
slab and the embankment. Reduction in steering response, distraction to the driver,
added risk and expense to maintenance operations, and reduction in a transportation
agency'’s public image are all undesirable effects of these uneven irregular transitions.
A bump that is allowed to persist increases the chance of damage to the bridge deck
from the dynamic impact of vehicles. These impact loads have been estimated to be
four or five times larger than the static loads; “Hu, Y., T. Wu, C. E. Lee, and R.
Machemehl, Roughness at the Pavement-Bridge Interface, Report No. 213-1F, Texas
State Department of Highways and Public Transportation, Austin, Texas (August 1997)
157 PP”. Damage to the bridge deck can also be caused by snow plows in the winter.
In addition, the bump can cause damage to vehicles.

The bump at the end of the bridge is a complex problem involving a number of
components, including the natural soil on which the embankment and the abutment are
built, the approach fill material, the foundation type used for the bridge abutment, the
abutment type, the structure type, the bridge/roadway joints, the approach slab, the
roadway paving, and the construction methods. The problem affects twenty-five
percent of the bridges in the United States, approximately 150,000 bridges. Each year,
the amount of money spent on this problem nationwide is estimated to be at least $100
million. Survey results indicate that integral bridge abutments appear to be a special
case where a bump is consistently created resulting from temperature cycles and the
associated compression and decompression of the approach fill by the abutment wall.
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Objective

The conventional method of constructing the embankment behind an abutment
wall has not prevented the bump at the end of the bridge to any great degree. The
objective of this experimental feature is to build a better foundation under the approach
slab that will eliminate the bump at the interface of the approach slab and the asphalt
pavement. See Figure 1

Bump at end of approach slab

Jersey| Barriers

H Approach sSlab
<—2031 Backill

+—Abutment

Figure 1 Proposed detail of experimental feature

Location

This experimental feature is located on the Burlington Separation Bridge Project
NH-4-002(051)138. It will be constructed on the approach end of the bridge in the
eastbound lanes. The approach slab on the bridge of the westbound lanes will be used
as a control. Project plan sheets and typical sections are found in Appendix A.

North Dakota Department Of Transportation 2 Materials and Research Division
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Project History

Traffic
Year Pass>Car | Trucks Total Flexible ESALs - Two Way
Construction 1998 4,750 550 5,300 440
Evaluation 1999 4,750 550 5,300 440
Evaluation 2000-2001 4,800 600 5,400 505
Evaluation 2002-2003 3,765 795 4,560 645
Table 1

NDDOT Roadway Information Management System (RIMS) Historical Data

Year Thickness Type Width
1979 Structure —Steel Culvert (33x22x326)
1979 Grade 48
1979 84 feet c-c
1980 8.0" Aggregate Base 42'
1980 2.0" Hot Bituminous Pavement 120-150 30
1980 1.5" Hot Bituminous Wearing. Course 120-150 27
1992 1.0" Milling 24'
1992 5.0" Hot Bituminous Pavement 120-150 28'
1992 Finished Roadway Width 37
Table 2

North Dakota Department Of Transportation 4 Materials and Research Division




Design

The design carries the select backfill at a 20:1 taper from the abutment all the way
back until it intercepts the pavement section. The new design shows installing a void
form against the abutment and building what is essentially a retaining wall against the
void form. The form is later washed away to leave a 3" to 4” void that will allow the
abutment to move without affecting the select backfill. Geotextile reinforcement fabric is
to be used and the select backfill is to be compacted in one foot layers. The geotextile
fabric is also required to be wrapped back on the sides with each foot of fill. A drainage
system behind the abutment is also provided.

Design details showing the fabric reinforced backfill under the approach slab are
located in Figures 2 and 3. They are also shown in Appendix B. This experimental
feature was change ordered on to project NH-4-002(051)138. The change order 2p is
located in Appendix B.

==
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>

Experimental Approd
] Slab

s U

GEQOTEXTILE REINFORCEMENT
FABRIC-TYPE R1 SPACED AT
ONE FOOT INTERVALS

CLAY FILL SELECT BACKFILL MATERIAL 2%, SLOPE

SECTION A-A

Figure 2 Detail for Fabric Reinforced Backfill under the Approach Slab
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Figure 3 Detail for Fabric Reinforced Backfill under the Approach Slab
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Although there is no typical drawing for the Control Section, compaction and
density control for the Control Section was in accordance with Section 203.02 G of the
Standard Specifications T-180. The embankment is placed in horizontal layers not
exceeding 12 inches and compacted to the specified density before the next layer is
placed. The soil layers are compacted to 85% of the maximum dry density as
determined by AASHTO T-180. Soil moisture at the time of compaction shall be not less
than the optimum moisture content and no more than 5 percentage points above
the optimum moisture content.

Construction

Construction began on March 30, 1998 and was opened to traffic on October 27,
1998. Ron Harris Construction removed the common excavation waste material over
the Structural Plate Pipe (SPP) tunnel and rough graded the 20:1 taper section at the
same time. The 20:1 sections were roughly graded for the approach and end slabs.
Industrial Builders then excavated for the abutments and fine graded the 20:1 sections.
Abutments were poured and grading was performed for the installation of the 4"
drainage system.

The drainage system was installed according to the plans. A 4" PVC perforated
pipe was used and covered with size 4 drainage rock which was protected by D2 type
geotextile fabric. The drainage rock that was used with the perforated PVC pipe was
installed at the same time as the select backfill was installed. There was no way the
drainage rock could be installed without bringing the select backfill up with it at the same
time. The non-perforated PVC pipe lengths had to be adjusted to fit the existing slopes
around each abutment.

The following pictures show construction of the experimental section under the
approach slab of abutment 1 of the eastbound Bridge.

I ———
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Photo 1 — Tacking R1 fabric before placement of the next one foot of
select fill.

Photo 2 — Select fill placed over fabric wrap.
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Photo 4 — Asphalt meets approach slab of the control section.
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A class 5 material was tested and met the requirement for select fill. The test
worksheet is located in Appendix B. The 3" void material was not available in such
small quantities and an alternate 4" void form was used.

Geotextile fabrics were used to wrap the drainage system and in the select
backfill. A D2 type filter fabric was used to wrap the 4" drainage system. R1
reinforcement fabric was used to wrap each 1' lift of select backfill until the required
height was reached.

The approach slab was formed and poured over the experimental section at the
same time as the bridge deck. The approach slab is 14" thick. Appendix B contains the
concrete proportion design and compression test of a concrete cylinder for the approach
slab. The roadway was paved with asphalt up to the approach slab. Photos were taken
after the project was completed. Photos 4 and 5 show the approach slab of abutment
4-westbound bridge (control section). Photo 5 shows that the slab is in good condition
and that the joint looks good.

Photo 5 — Approach slab meets bridge in the control section — Westbound Bridge.

North Dakota Department Of Transportation 10 Materials and Research Division



Photo 6 shows a view looking west at the experimental approach slab of the
eastbound bridge of the Burlington bridges. These bridges have been open to traffic for
about one day. Photo 7 shows the beginning of the approach slab and surface tining.
A slight dip was noticed where the asphalt meets the concrete, but appears not to affect
the ride as observed from the side of the road.

Photo 6 - Overview of experimental approach slab — Abutment 1
Eastbound Bridge.

——
North Dakota Department Of Transportation 11 Materials and Research Division
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Photo 7 — Asphalt meets approach slab of the experimental section.

Photo 8 shows where the approach slab on the left side of the photo meets the
bridge on the right.

Photo 8 — Approach slab of the experimental section meets the bridge.
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An elevation survey was conducted of the finished experimental approach slab
and transition. This is to aid in the annual evaluation of the experimental project. A
copy of the survey is located in Appendix C. The elevation survey did not include the
control section in 1998.

Cost

The experimental section required 4 feet of select backfill which is about 2.5 feet
less than would have been used in a standard design. The following is a break-down of
the costs of the experimental section approach slab and a control or a conventionally

built approach slab.

Abutment 1 - eastbound bridge entrance approach slab (Experimental Project)

Select Backfill (4 feet @ 20:1) = 337.7 CY x $12/CY $ 4,052.40
Underdrain Pipe - PVC Perforated - 4in = 68 LF x $14/LF $ 952.00
Underdrain Pipe - PVC Non-perforated - 4in = 54 LF x $14/LF $ 756.00
Cost of fabric, extra drainage rock and void form $ 5,327.14
Cost subtracted for failing fabric $ -735.15
Total $10,352.39

Abutment 4 -westbound bridge entrance approach slab (Control)

(5.5' depth @ 20:1) Select Backfill = 474.8 CY x $12/CY $ 5,697.60
Underdrain Pipe - PVC Perforated - 4in = 68 LF x $14/LF $ 952.00
Underdrain Pipe - PVC Non-perforated - 4in = 47.5 LF x $14/LF $ 665.00
Total $ 7,314.60

North Dakota Department Of Transportation 13 Materials and Research Division



Five Years and Final Evaluation

The test and control sections were visited on 11/23/99, 12/06/00, 11/15/01,
11/20/02, and 10/03/03. The asphalt roadway was chip sealed in 1999. This chip seal
added a little height to the roadway and made the slight bump where the asphalt meets
the approach slab more severe.

During the summer of 2000, a contract project to mill bumps at bridges included
this experimental section. The milling improved the general overall ride but did not
completely remove the bump. Photo 9 shows that in the cold winter months a 1 inch
gap opens up between the asphalt and approach slabs. A tape measure can be
inserted to a depth ranging from 6 to 12 inches.

Photo 9 — Winter 1999 gap opening of 1 inch between asphalt and
approach slab in the Control Section WB.

Photo’s 10, 11, and 12 from years 1999 and 2000 show conditions that existed including
bumps, gaps, and sealant failure.

North Dakota Department Of Transportation 14 Materials and Research Division



Photo 10 — Experimental Section 1999 EB - asphalt to approach slab -
dip.

Photo 11 - Seal failure - EB adhesion loss and punched down 1999.

This bump in the eastbound experimental section where the asphalt meets the
approach slab has been getting worse each year. Photo’s 12 and 13 were taken in
November of 2001. The approach slab receives a dynamic load each time a loaded
truck hits it at highway speeds. This puts a lot of stress on the approach slab.

North Dakota Department Of Transportation 15 Materials and Research Division



Photo 12 — Shows drop from asphalt to approach slab in the
outside wheelpath of the experimental section of approximately %
inch.

Photo 13 — Between wheel paths of driving lane — 1 %" drop
from asphalt to approach slab.

North Dakota Department Of Transportation 16 Materials and Research Division



The approach slabs are settling as shown in photos 14 and 15. This measurement is
taken at the end of the wing wall which is 14 feet from the abutment wall or 4 feet from
the beginning of the approach slab.

Photo 14 — 1 3/8” drop from wingwall to approach slab.
Experimental section Rt.

Photo 15 — Experimental section Lt. Side — or Passing lane
side, the guard rail bolts show stressing at the wingwall due
to settling of the approach slab.

North Dakota Department Of Transportation 17 Materials and Research Division



An elevation survey was conducted in 1998 on the test section (EB) beginning at
the bridge and continuing 100 feet back into the asphalt pavement.

The control section (WB) was included in the elevation survey in 1999. The
difference in elevation at each location was determined from 1999 to 2003 data. The
elevation data is located in Appendix C. These changes in elevation are shown in the
following graphs. Notice that the drop in elevation in the eastbound roadway or
experimental section is slightly less than the drop in the control section. The data
averaged for years 1999, 2000, and 2001 show a decrease in elevation of 2.5” for the
control and 1.6” for the experimental section. The average elevation decrease figured
for 2002 and 2003 was 1.6” for the control and 3” for the experimental section.

Elevations are measured at five points across the roadway, 18 feet left of
centerline, 12 feet left of centerline, centerline, 12 feet right of centerline, and 22 feet
right of centerline. These five points have been graphed and are shown as follows.
Overall, the experimental section has not prevented the bump from occurring at the end
of the approach slab. The graphs show about a 1% difference in elevation drop
between the experimental section and the control section. This was the difference as of
June 2003. It must be pointed out that these elevation differences between the control

and experimental sections keep changing due to maintenance patching to smooth the
ride.

18 Feet Left of Centerline
1999 to 2003
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Graph 1

North Dakota Department Of Transportation 18 Materials and Research Division



12 Feet Left of Centerline
1999 to 2003
0.05
0.07
0.10 @\
.12 0.12
g o
E :
o 0.15
©0.15 0.16
2
a 0.18 \-\ 0.18
5 0.19 0.19 0.19
T 0.20
>
K
w
0.25
0.30 1 1 1 1 1 1 1
Deck/Approach Slab 20" North/South 60" North/South 100" North/South
Approach Slab/Asphalt 40' North/South 80" North/South
Location
Eastbound —m— Westbound (Control)
Graph 2
Centerline
1999 to 2003
0.00 ——
0.11
S
=3 0.23
Qo021
[a)]
c
o
=]
<
Coa2
Q
L
0.42
1 1 1 1 1 1 4
Deck/Approach Slab 20' North/South 60" North/South 100" North/South
Approach Slab/Asphalt 40" North/South 80" North/South
Location
Eastbound —m— Westbound (Control)

Graph 3

North Dakota Department Of Transportation

19 Materials and Research Division



12 Feet Right of Centerline
1999 to 2003
0.05
0.08
0.09
0.10
0.12 0.12
— 013 0.3 0.13
S [ L 0.14 0.14
8‘0.15
e 0.18
0.19
8 .20 0.20
@©0.20
@
=i 0.23
w ~um
0.25
f f f f f f f
Deck/Approach Slab 20" North/South 60" North/South 100" North/South
Approach Slab/Asphalt 40' North/South 80" North/South
Location
Eastbound —m— Westbound (Control)
Graph 4
22 Feet Right of Centerline
1999 to 2003
0.05
0.07
0.08
K 0.10
0.10
0.12
— 0.13 013
e | ==
%0.15 0.16
a 0.17
c
o
T 0.20
5 "
’ %
0.25
f f f f f f f
Deck/Approach Slab 20" North/South 60" North/South 100" North/South
Approach Slab/Asphalt 40" North/South 80" North/South
Location
Eastbound —m— Westbound (Control)
Graph 5
North Dakota Department Of Transportation 20

Materials and Research Division



Elevations for the control section were not collected in 1998. The graphs show
that both sections, the experimental section and the control section, was consolidating
up to the year 2000. The eastbound experimental section at all 5 points shows very
little change in elevation from 2000 to 2001 except at the approach slab/asphalt contact.
The control section is still showing consolidation at all 5 points.

In the experimental section, eastbound bridge, the asphalt is slightly higher than
the concrete approach slab. This sudden change in elevation causes dynamic impacts
by heavy vehicles and may be part of the reason it is still consolidating in 2001.

Mud Jacking Approach Slabs

The experimental feature to build a better foundation under the approach slab that
would prevent the bump at the approach slab/asphalt pavement interface, has not been
successful. The NDDOT thus included this experimental project in a contract to repair
bridges and box culverts in 2003. The work included lifting the north and south
approach slabs of the twin structures. The mud jacking was to lift the slabs to their
original positions.

The 5 cross-section points of each section were plotted for comparison in graphs
6 through 19. The data representing 2003 is before mud-jacking and 2003A is after
mud-jacking.

North Dakota Department Of Transportation 21 Materials and Research Division
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ND 98-06 Cross Sections - EB
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Summary

Spreading and compacting asphalt so it is level with the concrete approach slab
is difficult. In this case, the asphalt after construction was slightly higher than the
approach slab. The performance evaluation is based on the decrease in elevation over
time.

The cross-section graphs show that roadway consolidation is still taking place in
the control section; whereas the experimental section has stopped consolidating with
exception to one location. The existing bump or dip in the experimental section at the
approach slab/asphalt contact results in the application of dynamic load to the concrete
approach slab by heavy vehicles. This dynamic loading may be contributing to the
settlement at this interface.

The data averaged from the evaluation surveys conducted in 1999, 2000, and
2001 indicate that the average decrease in elevation was 2.5” for the control and 1.6”
for the experimental section. The 2002 and 2003 evaluations show a decrease in
elevation from the original to be 1.6" for the control section and 3" for the experimental
section.

This experimental feature to build a better foundation under the approach slab
that would prevent the bump at the interface of the approach slab and asphalt
pavement, was not successful. The mud jacking of the approach slabs restored the
slabs near their original elevations. Graphs 20 and 21 show the original approach slab
elevations near the asphalt pavement interface for both eastbound and westbound
bridges.
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Recommendation

It is questionable whether the method used on this bridge project of constructing a
bridge approach slab and embankment is the appropriate method to use to try and
prevent the bump at the interface of the approach slab and embankment.

It is recommended that whatever method is selected for constructing the embankment
behind the abutment wall, that emphasis be placed on compaction. Compaction seems
to be the leading component attributing to the bump at the approach slab and roadway
interface.

A better approach may be to wait a few years to construct the approach slab in order to
allow time for settlement or equalization of embankment pressures.

Good planning and close attention to construction of the interface between the roadway
and approach slab will better ensure a smooth transition.

I ———
North Dakota Department Of Transportation 30 Materials and Research Division
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NCRTH DAKOTA DEPARTMENT OF TRANSPCRTATION

SFN 11570

Claee 0
CROER 0 2C

CONTRACTOR  INDUSTRIAL BUILDERS, INC.
PO 80X 40§
FARGD, WO %3073

SPEC CODE

N [TEY OF #0RK

DECIEAST 7O 21D [TE4

SAATICIPATING {NH FEOESAL FUMDS)
198 SELECT JACKFTLL

AODED CONTAACT ITEY

a9

210
10

197 SELZET ACKFILL ECPESIHETAL
200 SELZCT 3ACKFILL

-t

MET [NCREASE R JECARASE 70 DATE

QUE 70 THIS CHANGE, THE CONTRACT TIME

MAY 3E REVISED IF THE fCRK AFFECTS/AFFECTED THE CCMTROLLING OPERATICN.

E(PLANATION OF CHANGZ [N PLAN AECOMMENDED
If the “egeral Fungs autherizea 1n the cast participaticn agraement with the lacal agency 15 axceeded and Faderal Fungs
irs not avatiacie far this change, the eeal agercy w1l assume the total cast ot this thange arger,

$EZ ATTACHED 3BT

CHANGE ORDER SHEET
PROJECT NH-4-302{051]138
COUNTY  WARD COUNTY
FOR STRUCTURAL, GRADE, SURFACING, 3 INCID.
ORIGINAL CONTRACT AMOUNT
3 1,548,280.52
DATE 07/08/1938
GRIG + OR -
PAEYICUS CifG t R - UNIT [NCREASE  DECAZASE
UNTT  GUANTITY QUANTITY AIcE ANCUNT AHCUNT
k| 268 00 =368 200 3 06 -, 18N
L SUN 0 000 1900 57 10 T
C.f 0.900 1,706.0¢0 12000 20,472 20
/
19,322 14 PAAT Q00 NON-34RT TOTALS  25,7%9 14 -7.728 %0
HCN-Z4RTICIPATING 0.00 0.00
PARTICIPATING 25,799,147 -7,728.00

7 2 7-8-98 bl Sitmpen _ 7-5-52
TNTRACTCA QATE IAporoval Reccrmeges { JAppraved
% B
o
CLTYICIUNT 1/OTRES SFRICTAL DATE FNAD (L% 4 v { JAoproveq

DISTRICT ENGINEZR DATE

TEZS

AESRESTATING

(~fopraveq
AESION SHGINE=T

77

BATE

Y 2



NH-4-002(0S1)13

CHANGY ORDER 2P. 2C

Spec. Code
210 0197 Select Backfiil - Expenmental

Matenals and Research requested an expenmental project be installed on the approach slab by
Abut #1 - Rught Bridge The expenmental project requires an increase in Size 4 Aggregate and
Type D2 Filter Fabnc quanuties It also adds Void Form and Type R1 Geotextile Fabne The

following shows the allowable cost of laber, matenal and equipment, which compare favorably
tc average annual bid prices

Labor
Labor Hours
(1 vperater, | carpenter foreman 2 laborersy =356 65 per hour <20 hrs =3 {133 00
H/W Benefits =5 660 perhourx20hrs =3 13200
75% Payroll Additve =$ 84975
Subsistence : =5 740 perhourx20hrs =§ 14300
Toetal Labor =3 236175
Matenral
Geotectile Fabne - Type R =693 sy ¢ 30 88 per sy =5 609 34
Void Form and Freight =1 Lump Sum =5 83562
Addmional Size 4 Aggr =20 cy x 318 00 per cy =5 36000
Addrtronal Type D2 Filter Fabrnic = 67 sy x 30 99 per sy = 66 33
5% Sales Tax = = 93 61
£5% Markup = =3 29435
Total Matenal =3 2260 53
Equipment
Ford A66 Loader = 35530 71 per hr ¥ 20 hrs =5 61420
Waik Behind Packer =351892Z perhrx 4 hrs =5 7563
Wacker Packer =35 374 perhr< 4hrs =3 1496
Total Equipment =3 704 34
Grand Total =3 35327 14
Spec. Chnde

210 0198 Select Backdll - Ton
210 0200 Select Backdll-CY

The Select Backdil Quantity in the plans was computed wrong The ongmal plan quantity was
computed for the Select Backiill being installed just below the approach slabs, which have 20"
lengths The new pian quantity i1s computed with longer lengths. which are 122", 80 and two at
73" Thus changes the quantity from 966 tons to 2539 tens

B-4



Ongmal Plan Quantity 966 ton x 33 00 per ton =§ 7,728 00
New Plan Quantity 2559 ton x $3 00 per ton =320,472 00

The contractor removed Class 5 from under the SPP Tunnel He proposed to use this matenal
for the Select Backfill The material was tested and passed for Select Backsil

The pay quantity for Select Backfill was ongnally to be paid for by the Ton Now it will be
measured and paid for by the CY, in accordance with 210 04 C 2 of the Standard Spec:fications

21560 ten/ 1 875 ton per cy =1365cy
1365 cy x 1 25 for shnnkage = 1706 cy
2539 ton x 38 CO per ton (bid price) = 320,472
520,472/ 1706 cv =312 00 percy

Total Cost of the Select BackSll
31200 percy x 1706 cy =3520,472 00

Thus price includes all labor, equipment and matenal necessary to complete the work



SFN 2455 {Hev +36)

CONCRETE, SAND, AMND GRAYEL WCRRSREZT
Department of Transponatcn, Matenals & Research

[Pm;ac: County
NH - 4-coz (oR) /38 LIARD
Subrmutted By Date Recaived
|  WORYDE sWENSON 5/27 9%
Selact Eqd’.f N
Pﬂ:icancr: 2ol ‘ . ‘Wt, Rat. LA o ND
oria clamed o T
Cﬂ:n“" Zare 27 (mm) Fet o cum Rat. Pass Scec.
100 4"
Samgled From 28] y
STOC K PILE 75 7 2 3 g 160 jC0
Data Sampied Field Samcie No 53 2 143" —_
5/23 |38 \ ) 2 —
Lab, No Siza Na a7 5 115" —_
250 1" 98 9 438 3
1890 Iy 198_F 2973 b
Scundness % Loss - 160 3y g &t Sz 2
AASHTQ T-104 Tasted 3y 125 " 243 S F65.1
Specfic Gravity - S35 3" 331 4 | 333
AASHTO T-35 Tasted dv 475 Na 4 456 4 | 13931 1 38 2 AK-] 3%-85
24, Abscrption — 236 No 8 530 1 23233 | 493 503
AASHTQO T7-35 Tasted By Minus Ne¢ 8 2372 L ] 4690 4 ey = 494504
L.A. Abrasion (Grad )4 Lass - Wt Chack 1L 4 | IR T AL 0y
AASHTO T-96 Tested 8y Crainal ‘Wt 4,73 4 L I 2-
‘Wi, Rodded LhJsc I, (Kg/m3) -~ Finenass Moduius
AASHTO T-19 Tasted By AASATO T-27 Tested By
s Mosture WL o aty
. AASHTO T-255 Tasted By
SAND
Pit Locatcn a Wt. Rat. LA o, ND
e {mm) el. - o Ret. Pass Spec.
g5 Ha” 7 3
Sampled From 475 No 4 & g
236 Ne 8 & A
Cate Sampied Fald Sample No 200 No 10 —
118 No 16 1o @ o1 Q |
e B0C0um ! No 20 119 o | 2z 33 4 Ll ’o:/:l.l 25 -50
425um { No 40 —
acoum | No S0 | ne 5 13334 ]
150um | No 1C0 8114 a9 3
Soundness % Lass — 75y | No 2C0 30 | 2433 | 38 2 18/ 110 | o= 1S
AASHTC T-104 Tasied By
Soocfc Gravity - vipus Mo, 220 (75t 187 4.3 b
AASHTO T-34 Tastad By Crainal A1 AL we = om™
%% Absorpucn — W‘tNA“: 1:,535}1 T:_f ;
as s
AASHTO T-34 Tested Sv Wt Chack | | 123 &
Cotor - s
AASHTO T-21 Tasted By Enaness Modulys | ! YT PE—
p _ SATO T~11 Tes ¥
WL Loosa LbJ:A(S:?;g ?_19 Tastad Bv *Attantion Advised AASHTO 7-27 Tasted By
%% Mcisiure

AASHTO 7-255 Tastad 3v

O Cistnct

O Cantral Lab

— /
53 ("2'7 / a3 %V/: ;za./
Cata Taesong Lab Superasscr




DLATrLOutLeN Central 0ffice/Lab
District Eagineer
Res Enqineer

North Dakota Stats Highway Oepartaent
CONCRETE PROPORTION DESIGN

PROJECT: NH-4-002(051)138 CONTRACTOR: INDUSTRIAL BUILOERS, INMC.
TYPE OF WORK: STRUCTURE

DESIGN NO.: 4 DATE: 0Q5/07/98 CLASS OF CONCRETE: AAE-3
TYPE & BRAND OF CEMENT:

SOURCES: Cement LAFARGE ; Sand GRAYEL PROOUCTS ; Rock GRAYEL PRODUCTS

SPECIFIC GRAYITIES:
Ge= 3.14 (Cement); Gfa= 2.57 (Flyash); Gs= 2.4646 (Sand); Gr= 2.69 (Rock)*
*{Combine 1f two rock sizes)
PERCENT OF TOTAL AGGREGATE (by weirght}:
S= 38% Sand, Ra= 62 % Si1ze 3 Rock; Rb= 0 % Si1ze Rock

CALCULATIONS: (for 27 C.F. Batch Size)

PRCOPORTIONS LBS/BATCH C.F
CEMENT: (941bsfsack) x (6 5 Sacks/C Y Yo (27 /1) : 519.35 C= 2.65
Adjusted to § § Sacks/C Y for Flyash
( LYASH: 20} Flyash used 122.20 FA= 0.76
WATER: (4 3 GalfSack) x {8 33) x & 5 Sacks Capent/t ¥, = 232.82 W= 3.73
{1nciudes free molsture 1n agqregates)
AIR: 6 50 % {assumed entrained air 1n alx) HAXAXK A= 1.76
Absolute Yoluse, ¥, of Total Aggragate ¥= 18.10
Dry Wt., T= 2025.53
Coabined Gaecdic Gravity of Tetal Aqaregate 2.48
SAND, Dry Wt = 1149.70 S= 6.93
ROCK, Si1ze 3, Ory W . = 1875.83 R= 11.13
ROCK, Si1ze , Ory Wt. = 0.00
TOTAL WEIGHT PER BATCH = 385%.90 BATCH SIZE = 27.00
CALCULATED UNIT WEIGHT = 144.44 lbs/C.F. ///@*f Aismpe ™
- 4 Engineer



MATERIAL TESTING SERVICES, INC.

PO Box &34

Moot KD 58702 COMPRESSION TESTS OF CONCRETE CYLINDERS Wikt 4 seg02
{701) 852 5553 (7013 5724226
“OJECT NH-4-002(051)133 DATE October 12, 1998

REPORTED 7O North Dakota Department of Transportation COPIES TO

PO Box 1396
Mimnot, North Dakota 358702

Laboratory Number  98-094

FIELD DATA

Job 1dentification 63

Date Cast 9/14/98

Age To Be Tested (days) 28

Slump (if given) 2-3/4"

Arr Content (if given) 6 0%

Unit Weight (if given) 145 3 tbs

Location of Pour Rught bridge, deck and approach slab
Cylinders Submitted By North Daketa Department of Transportauon

CONCRETE MIX

Specified Strength at 28 days AAE-3
crete Mix Proportions
Cement
Fine Aggregate
Coarse Aggregate
Admixture |

LPF P )

Concrete Furnished by

COMPRESSIVE STRENGTH Test Methed - ASTM C 39, 8" x 12" Cylinder
Laboratory Number 126 A

Date Received 9/15/98

Days on Job and in Transfer 1

DCays Cured-ASTM C 192 27

Days of Age at Test 23

Gross Load at Faillure {pounds) 130,000

Compressive Strength (psi) 4590

Campressive Strength (MPa) 317

REMARKS B—8

Matena?stmg Services, Inc
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